The use of electronic devices, such as mobile phones and computers, has increased drastically among the young generation, but the potential health effects of carpal tunnel syndrome (CTS) on university students has not been comprehensively examined. Thirty-one university students aged 18 to 25 y with no symptoms of CTS were successfully recruited in this study. By using noninvasive ultrasonography, the morphological characteristics of the median nerve of each volunteer, and the extent of its longitudinal excursion movement under experimental conditions, in which a real operating environment of electronic devices was simulated, were quantified. The results demonstrated that the median nerve at the carpal tunnel inlet was flattened during wrist extension: the flattening ratio increased from 3.40 ± 0.91 at the neutral position to 4.10 ± 1.11 at the angle of 30° and 4.09 ± 1.11 at the angle of 45°. In addition, the median nerve became swollen after the students performed rapid mobilephone keying for 5 min, indicated by a significant increase in the cross-sectional area from 6.05 ± 0.97 mm 2 to 7.56 ± 1.39 mm 2 . Passive longitudinal excursion was observed at the median nerve when the students performed mouse-clicking (2.4 ± 1.0 mm) and mobile-phone keying tasks (1.7 ± 0.6 mm), with the mouse-clicking task generating a greater extent of longitudinal excursion than the mobile-phone keying task did. In conclusion, the findings of the present study verify the potential harm caused by using electronic devices while maintaining an inappropriate wrist posture for a substantial period.
whereas in Hong Kong, students aged 12-16 y reported an average of 2.5 h per d (Ho 22 and Lee, 2001 ). Therefore, the finding that students are using electronic devices for 23 substantial periods from an early age is not surprising. 
Wrist extension 98
The CSA and FR of the carpal tunnel inlet in the right wrist were first examined using 99 B-mode ultrasound, which was similar to the technique described in a similar 100 previous study (Toosi et al. , 2011) , and the measurement was repeated at 4 distinct 101 wrist extension angles (0°, 15°, 30°, and 45°) without the participants performing any 102 specific activity during the process. The values measured at the neutral position (wrist 103 extension angle at 0°) will be used as reference and compared with the values 104 measured from 15°, 30° and 45° respectively. During the examination, the volunteers 105 were asked to sit on a chair with the right side of their shoulder slightly abducted, 106 elbow flexed at 90°, and forearm resting on the table with the wrist fully supinated 107 and the digits fully extended. After the morphological changes in the median nerve 108
were measured at 4 distinct wrist extension angles, the longitudinal excursion of the 109 median nerve was subsequently measured during the mouse-clicking and mobile-110 phone keying tasks. 111 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
mouse 5-10 times using their right index finger according to the beat generated by a 116 metronome (80 beats/min). The median nerve in the longitudinal section at a site 117 approximately 3-4cm distal to the crest of the subject's right elbow was identified 118 using B-mode ultrasound. A Doppler range gate was then positioned over the median 119 nerve to detect changes in the velocity of the median nerve during mouse clicking. 120
The longitudinal excursion of the median nerve was measured at this level rather than 121 at the wrist because the transverse movement of the median nerve at this level was 122 reduced, and the surrounding muscles and tendons were not easily included in the 123 sample volume, which would have affected the accuracy of Doppler sampling (Hough 124 et al. , 2000) . After at least 3 consecutive spikes were generated on the velocity-time 125 integral spectrum by the participants performing the mouse-clicking task, still images 126 were saved and transferred to the pixel analysis program, Scion Image (Scion Corp., 127
Fredrick, Maryland, USA), which was developed by the National Institutes of Health 128 for conducting further analysis (Figures 1 and 2) . After successfully measuring the longitudinal excursion by performing spectral 145 Doppler ultrasound, the subjects were asked to perform a rapid keying task using the 146 same mobile phone. They were instructed to press the number 5 button rapidly as 147 many times as possible for a period of 5 min. After completing the rapid keying 148 activity, the flattening ratio and cross-sectional area of the median nerve at the carpal 149 tunnel inlet of the wrist were evaluated at 0° of wrist extension by using B-mode
Data Analysis 153
The CSA and FR were measured offline by manually tracing the boundary of the 154 median nerve and its corresponding axes (Figures 4 and 5) . Similarly, by manually 155 tracing the boundary of the velocity-time integral spectrum shown in the image, the 156 area under the velocity-time integral spectrum could be determined using the pixel 157 Bonferroni adjustment) was used for comparing the mean difference in CSA and FR 161 at various wrist angles. A t-test was used to determine the mean difference in the 162 longitudinal excursion that occurred during the mouse-clicking and mobile-phone 163 keying tasks, and the mean difference between the results obtained before and after 164 rapid keying. All parameters were represented by mean±standard deviation and the 165 level of significance was set at 0.05. Because the ultrasound measurement and pixel 166 analysis were highly dependent on an operator, intraclass correlation analysis was 167 performed to determine the intrarater variation in the ultrasound measurement of the 168 M A N U S C R I P T
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Results 172
The interrater and the intrarater class correlation derived from the pixel analyses of 173 the longitudinal excursion were 0.96 and 0.96, respectively, whereas the intrarater 174 correlation of the CSA measurement was 0.98. The demographic details of the study 175 population are summarised in Table 1 . Thirty-one university students with a mean age 176 of 21.7±1.5 y, a female to male ratio of 11:20, and a mean body-mass index of 19.60 177 ±2.15kg/m 2 were recruited. 178
179
The morphological changes in the median nerve at various degrees of extension at the 180 wrist are summarised in Table 2 . No significant difference in the CSA of the median 181 nerve occurred between the various intervals of wrist extension angle (6.05-6.13mm
2 ). 182
Nevertheless, a significant increase in the FR at 30° of wrist extension (4.10±1.11, P 183 <0.01) and 45° of wrist extension (4.09±1.11, P=0.01)) was observed when compared 184 with that at the neutral position (3.40±0.91) (0° of wrist extension). Finally, after the participants performed the rapid keying task on a mobile phone for 192 5min, the morphological changes in the CSA and FR of the median nerve were 193 measured again (Table 3 
Discussion 198
The mean CSA of the median nerve in the present study had a relatively smaller value 199 (6.05mm
2 ) compared with that reported in previous studies (mean CSA ranged from 
keying stroke for a substantial period of time. They like to play games on the phone, 237 but certain games on mobile phone require them to press on the phone screen/keypad 238 vigorously and continuously for minutes. Therefore, repetitive stress injuries like 239 wrist and finger pain become a new epidemic in teenagers due to overuse of it. In the 240 present study, a substantial increase in the cross-sectional area of the median nerve 241 was observed after the participants performed a rapid keying task for 5 min, indicating 242 that the intensive thumb-tapping activity led to a swelling of the median nerve. 
Limitations 277
This study has several limitations. First, applying spectral Doppler ultrasound in the 278 investigation of the longitudinal excursion of the median nerve, the transverse 279 movement of the median nerve was not considered. In addition, the deformation of 280 the median nerve in relation to wrist extension greater than 45°was not addressed. 281
Moreover, previous studies indicated that a median nerve becomes swollen 282 immediately after hand activity and returns to its original size within 10 min (Massy-283
Westropp, Grimmer, 2001, Toosi, Impink, 2011). In the present study, no resting time 284 was provided in between the hand activities. However, because all the study subjectsM A N U S C R I P T
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16 followed a standard protocol and the intensity of the hand activities during the 286 measurement of longitudinal excursion was far lesser than that in the 5-min rapid 287 keying task and the aforementioned pervious studies, the accumulated effect of 288 performing previous activities on morphological changes in median nerve during the 289 5-min rapid keying task was comparably negligible. 290 291
Conclusion 292
The setup of the present study was used to ascertain the potential harm of using a 293 computer mouse and a handheld mobile phone in a real operating environment. The 294 findings of the present study further support that the repetitive digit movement and 295 improper posture of the wrist when using electronic devices may impose a high risk of 296 CTS among university students, particularly when using these devices for a 297 substantial period. 298
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